In this paper, we present the result of soft x-ray photoemission spectroscopy and its comparison with the density functional calculation. Although local density approximation seems to be a good starting point for describing the electronic structure of FeSe, the simulated spectrum poorly reproduced the structure around E B = 2 eV. This result suggests the necessity of theoretical treatment beyond local density approximation.
Introduction
FeSe has the simplest crystal structure and the least number of elements among the recently-found iron based superconductors [1] although it still composes of tetrahedrally-bounded (Fe-Se) layers. While there are several reports on the electronic correlations in the family of iron based superconductors [2, 3] , one may consider that the simplicity in FeSe yields the easiness of theoretical handling, and studying the electronic structure of FeSe can provide the further insights into the correlation effects. Based on this motivation, we studied the electronic structure of FeSe using soft x-ray photoemission spectroscopy. Since we present the basic information of electronic structure in the previsous work [4] , we focus on the comparison of experimental spectra with the result of band calculations.
Experimental
We synthesized our FeSe samples using the standard solid state reaction method as described elsewhere [5] . Here we comment on the quality and the stoichiometry of our samples in reference to the validity of our photoemission data. Although we previously assumed the selenium deficiency in our samples [4, 6] , there exist the lack of consensus on the stoichiometry of FeSe and the presence of excess iron in the form of oxide or iron metal has been claimed for off-stoichiometric samples [7] . However, while our sample may contain such impurity phases, the effect of such trace impurity phases on our photoemission data should be insignificant. In fact, signal of O 1s was not detected in the wide scan.
Our photoemission measurements were performed at two different sites: BL-5 (Okayama University Beamline) of Hiroshima Synchrotron Radiation Center (hν=140 eV, ∆E=200 meV, @ Room Temp.) and BL27SU of SPring-8 (hν=1100 eV, ∆E=180 meV, @ 13 K). Samples were fractured in situ, and binding energies of the spectra were calibrated in reference to the Fermi edge of a gold film (or molybdenum) evaporated near the sample. The base pressure of main chamber was kept better than 5 × 10 −10 torr in these experiments. In order to obtain some insight on the effect of electronic correlations, we simulated the experimental photoemission spectrum using the calculated electronic partial densities of states (DOS) for FeSe [4] , where local density approximation (LDA) is employed. The calcu- lated partial DOS were summed taking photoionization cross sections [8] into account. Then, we convoluted the sum with energy-dependent Lorentzian function (α = 0.10) and Gaussian function (FWHM = 180 meV) to incorporate reasonable life-time broadening and experimental resolution, respectively. Figure 1 shows the photoemission spectra taken at two different photon energies together with the simulated spectrum for hν = 1100 eV. It is noted here that feature A and B should correspond to Fe d-state; feature C shows hybridized state of Fe d-state and Se p-state; and feature D is mainly Se p-state. This assignment has been confirmed by the photon-energy dependence of phtoemission spectra presented above where feature A and B enhances in hν = 140 eV spectrum [4] .
Discussion
One can notice that positions of these four major peaks slightly deviated from the ones of the simulation, from which weak or moderate renormalization of band structures is implied. Moreover, the structure around E B = 2 eV is poorly reproduced by the simulation. This result is in sharp contrast with the case of Li 2 Pd 3 B [9] or Mg 10 Ir 19 B 16 [10] where LDA calculation successfully reproduces the experimentally observed spectrum (For Li 2 Pd 3 B, see the inset). Therefore, our result suggests that we may need to consider the treatment beyond LDA to successfully explain the electronic structure of FeSe. A different approach in treating electronic correlations, such as LDA+DMFT, is encouraged.
